1. Introduction. In this paper we shall deal with mappings (continuous functions) defined on regions (open and connected) subsets of a plane P with the range of the functions also contained in P. In reference [l] , M. K. Fort defined such a mapping/ to be minimal provided that for each closed 2-cell N contained in the domain of /, /(A) Eg(N) for every mapping g whose domain contains N and which is such that /| Fr A = g| Fr N. The following result was obtained in [l] .
If f is light, then f is open if and only if f is minimal.
In this paper, we prove the following similar theorem for certain quasi-open mappings.
1.1. Theorem. Letf: X-*P be a compact mapping defined on a simply connected region X in a plane P withfiX) EP. Then fis quasi-open if and only if f is minimal and for no xEfiX) is it true that /_1(x) separates X.
The sufficiency of the condition in 1.1 is established in §2 and the necessity in §3.
Recall that a mapping /: X->P is compact provided that for each compact set KEf(X), /_1(A) is compact. / is quasi-open provided that for any yEf(X) and any open set 77 in A containing a compact component of /_1(y), yEintf(U).
Here and throughout the paper such terms as interior, closed, closure (cl), boundary (Fr) will always be relative to the containing plane.
With/: X-*P a mapping into a plane P, if 7? is an elementary region (a bounded plane region whose boundary consists of a finite number of simple closed curves) whose closure is in the domain of / and xEP-/(Fr 7?), then there is defined the topological index or winding number ju(x, /, R). Use will be made of the following well-known properties of the index. Then ¡x(x,f, R) = 2~li p(x,f, R/). (See Theorem 3 on p. 126 in [7] .)
1.5. If ß(x, f, R)?*0, then xEf(R). 1.6 . If N is a closed 2-cell and f is a homeomorphism on N, then n(x, f, int N) = +1 for each xEj(int N).
In terms of this index, Fort [l] proved the following.
1.7. Withf: X-+P as before, fis minimalif and only if for each closed
2. Compact plane mappings. In this section we make the following assumption.
2.1. /: X-+P is a compact mapping from a simply connected region in a plane P into P.
From a result of Whyburn ( §10 in [4] ), there exists a factorization f = lm in which m is monotone and compact and / is light and compact. Throughout the middle space m(X) will be designated as M.
If the further assumption is made that for no xEf(X) it is true that /_1(x) separates X, it can be shown that no component of/-1(x) separates X. But then for no zEM, is it true that m~l(z) separates X. (1) Kx C R C cl R E X -f~x(D) and (f^f(x))• cl P = Kx.
It will be shown in 3.7 that p,(x, f, R) is independent of the particular choice of R provided that R satisfies (1) . On that basis the following may be defined : "(*) -n(f(x),f, R).
(Because of the nature of point inverses of /, p is a point function version of the function defined in II. 3.4 of [7] .) 3.7. n(x, f, Pi) =ß(x, f, R2) provided that Pi and R2 satisfy (1).
Proof. Let Q be the component of Pi-P2 that contains Kx. There exists an elementary region R such that KXE RE cl RE QERvR2. From 1.4, u(f(x) ,f, Pi) =ß(f(x),f, R) =u(f(x),f, R2).
Use will be made of the following in investigating the function u. Theorem. (See [ó] .) Let N be a closed 2-cell with interior G and boundary J. Suppose X is a continuum and m: X-+N is a monotone mapping of X onto N such that m~l(G) is an open 2-cell. Then there is a mapping h : X-*N of X onto N such that h(x) = m(x) for xEmrl(J) and h~lh(x) = x for xEm~1(G).
Young's Modification
3.9. |u(x)\=lfor each xEX-f-^D).
Proof. Let xEX -/_1(D). Let P be an elementary region admissible for the computation of u(x). (See 3.6.) Let y = m(x)EM. Note that / is a local homeomorphism at y and recall that m is compact.
